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he eves of the LS. mapping commumniry

are tocused on North Carolina as

embarks on one of the most ambitious

flesdplain mapping projects ever under-
taken by an imdividual stare, The project is artracting
artention because of both it cartographic and polie-
ical signihcance.

From a mapping perspective, the project, which
began in January 2001, is daunging — 48,700 sguare
mildes mapped with o veriical accuracy of 20-25 cen-
nmeters i less than five vears, The resuls wall be
served up in standard hardeopy and digital formais
via the Internet, The total expendimure is expected o
reach 565 million,

Two prime contractors are managing the mapping
and flood modeling portions of the project, Both are
using airborne LIDAR technology, making this the
largest LIDAR mapping project ever amempied.

Politically, the prn‘i::f \ign;lh a dramatic shift m
Aoodplain mapping actvinies away from the federal
governament and toward the states, But nobody 15 com-
plaining. The endeavor is clearly a win-win situation
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for the stare, FEMA, and most importantly, Morth
Carolina residents,

Good maps save lives & money

Based on expenences cleaning up Hood damage from
recent hurricancs, Noeth Carolina caboulared that such
damage costs the state 556 million for every year it
doesn't have accurate, up-to-date lood maps. For

FEMA and CTPs Modernize
Floodplain Maps

in 1967, FEMA inftiated a plan to modemnize the U.5.
floodptain maps that are used io determing flood =~
insuwance rates, mitigate flood disasters, and organize
redief efforts. The pian called for converting 74,000
maps to digital formats, updating anather 17,500
inadequate maps, and creating nearly 14,000 maps:
for areas not previously surveyed.

FEMA designed a seven-yegr modemnization pro-
gram that included using new remobe sensing tech-
niques, such as LDAR and Inferferometric Synthelic
Aperture Radar, 1o accelerale the mapping and
impeeve overal accuracy, If carmied out, the apency
estimates thi plan would save S26 billion in flood
damage to buildings during the next 50 years,

In fiscal year 2000, however, Congress authorized
only S&2.7 million for the program campared with the
5£191.3 malion needed io conduct it as planned.

To facilitate and supplement the program, FEMA
devised the CTP indfiathve, which inviles local commiu-
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Flood damaga from receni
hurricines sach as
Hurricana Floyd (bélowl),
which rolled ashore in
1954 have cost Norlh
Carolina residents millions
af dollar, 5tale and FEMA
afficzals agree thal a groal
deal ol proparty kes might
bé prévrended in the huture
Il B maps are abiwmabs
and remain up-to-daln.
Suach maps could help the
slate munagh developme
in Mood rones as well as
creatd hiard mitigation

[ Feuaers, Pfast

Llgve Sgranw

“FEMA has a very lim-
ited budpget and by having
states contribute o the

every dollar spent on mapping, the pavhack s 53,50
FEMA, wihach has eradinonally been responsibl

for mapping Aoodplains nationwade and producing
t oyl £ im P iy A

LyFIHMs, sees tremendons benetius in sharing map
ping dutics and expects this to be the st of many
tasks insiated by states, DFIEMs help imsurance com
panies to establish flood msurance rates, state and
local governments to determine where new bl dimgs
can of cannot be constructed, and the Army Corps
of Engineers to design the placement of new dams

and levees,

at wnw foma

APPENG Process, we Can et hog more mapping oom-
pleted than we would otherwize,”
civil engineer in FEMA Region 4.

The project is an official partnership between
FEMA and the state, with Morth Carolina receiving
CTP starus (sce *FEMA and CTPs Modemize
Floodplain Maps™ sidebar}, As such, North Caroling
s responsable for collecting and prepanng the DFIRM
map data and serving it by way of the Interner, while
FEMA manages quality control and will print the
hardcopy maps

Within the state, the Department of Crime Control
and Public satery’s Division of
Management oversees the progect, with substantial
support from four state offices — CGIA, Geoderic
Survey, Mitigation Division, and the Floodplain
Mapping Program Office.

saisl Lanra Abgen,

Emergency

Inspired by the past
In the past, major hurmcanes have produced devas-
tanng thoodmg in North Carolina, among the worss
being Hurmcane Flovd in September 1999, Fifry-six
people were killed abong the L5, East Coasr, most by
Hewsd waters in eastern Morth Carolina, and tens of
thousands were bleft homeless alver their houses were
completely destroved

Almost three vears larter, the srare was still reboald-
mg from the stomm, with FEMA continuing to process
and pay claims; When the cleanup is finally completed,
the voral expenditure on Flovd recovery in Maorth
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Carolina is expected o reach $6 ballion, split between
FEMA and the state.

State and federal officials agree that a lot of the
devastarion in eastern North Carolina could have
been avoided if there had been more accurare
DFIRMs. According o FEMA, 55 percent of its flood
maps are 10 years old, and many of thowe were made
with UISGS data having error rates as large as 25 feet.

Of all map rypes, flood maps are the most dan-
gerois when out of date because the Boodplain is such
o dynamsc environment. Homanmade constroction,

vegetative growth, and alterations in stream channels
can dramarncally affect the path and volume of water
flow during a flood event, thus changing the shape
and size of a flood one over time.,

Accurate maps that are kept updated, on the other
hand, offer numerous benefits thae rranslate direcily
into savings of lives and money. The first advantage
I8 prevention — communitics use the flood maps to
establish zoning regulations that restrict building
in flood-prone areas or require special construction
measures fior structures thar are put there,

“Even if houses already are built in the floodplain,
the maps stll provide benefirs,” explained Gavin
Senith, Mirigation Section Chief in the North Carolina
Division of Emergency Management. “The maps
inform the public of the risks of living in a flood zone
and alert them 1o the fact they should boy flood
insurance.”

For rowns and cities where development has already
spread 1o the flood zones, North Carolina plans to
e i1s new maps o make communities safer. In some
cases, the state will purchase housss in the most high-
risk areas and remove them from the floodplain, Other
homes and buildings will be raised above the high-
water mark.

“These new food maps will serve as the basis for
our hazard mitigation plans, which are now required
b the federal government for a state v receive post-
disaster funding,” said Smith,

North Carolina understands thar maps won't
prevent a hurricane from hitting, but the mitigation
plans created from them will berrer equip communi-
ties 1o deal with an emergency by designating safe
evacuation routes and targeting relief in areas thar
will be the mass inundated,

LIDAR floods in

Because of the immense size of the project area, the
Floodplain Mapping Program Office selected two
prime contractors to cach map half the stare with air-
borne LIDAR. In phase one, a Raleigh, North
Carolina-based firm is mapping the Cape Fear and
Lumber River basins in southeastern North Carolina
= ground zero for the Hurricane Floyd sirike (see
Figure 1). This portion of the progect alone involves
developing Aoodplain delineations across more than
1.2, (WM} sequeare miles of drainage area.

Cuiven the large coverage area, short schedule, and
high accuracy requirements, LIDAR scemed the log-
il rechnology chodce.

Airborne LIDAR is well-suited for mapping flood-
plamns for a number of reasons (see “LIDAR a1 Home
in the Floodplain® sidebar). First, LIDAR uses a laser
to reflect pubses of light off the ground surfsce, at rates
as fast as 35,000 pulses per second, measuring the
posation and elevanion of each poine where light pulses
hir, to within centimeters of accuracy. LIDAR can
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mcet Marth Carolina's requested accuracy standards
of 20 centimeters along the coast and 25 centimeters
infamnd,

Another advantage is that in just a few seconds an
airbome laser acquenes acnual mexsurements, Bot inber-
polations, for thousands of points spaced less than 5
meters apart. In addition, because LIDAR svstems
can be operated i any light conditions, they are insen-
sittve bo shadows, sun angle, and darkness. This allows
for map data collection from early morning through
dark.

These charactermtics provide flexibility in acquisi-
tion schedules that saves time and money, In phase
one, the team was collecting topographic map data
for as many as 120 square miles per day, an impossi-
ble schedule for other airbome mapping methods,

Flying Lumber & Cape Fear basins

In the development of its original proposal drafred in
Juby 2000, the Raleigh contractor tapped a teaming
partner to perform the LIDAR data collection. The
partner immediately assembled a squadron of four
aircraft equipped with LIDAR systems and began
acquiring data in January 2001 to take advantage of
the winter leaf-off conditions,

A significant benefir of LIDAR mapping o Morth
Carclina, in particular, is its ability to map in vege-
tative conditions. Although the fiying is occurring
during leaf-off periods, conifers dominate much of
the coastal landscape. But with a bit of ingenuity, one
at the mapping subcontracrors modified the laser light
pulses o measure terrain through and around the
trees b0 return o dataser capable of producing a bare
earth DEM, the primary data used in floodplain
masdeling,

Conastal areas were flovm first because leaves appear
earlier there, and then the mapping moved progres-
sively inland through winter and early spring, arempe-
ing to stay ahead of the foliage.

The biggest challenge faced in this portion of the
project was dealing with the pine plantations. n many
places, the mature troes are so close together that laser
penetration is difficult, The firm overcame this chal-
benge by assigning the pine plantation areas to two
LIDAR systems that operate at extremely high pulse
rates, between 25,000 and 35,000 pulses per second,
This enabled them o collect a greater densty of points
per square mile, thereby increasing their ability to
tramsmir a laser pulse through the closely spaced mes,

As priorinzed by the state, the firm collected data
of the Lumber River basin first so that its data could
be completed and available for the upeoming hurr-
cane seasode. [Dara acquisitson of both the Lumber and
Cape Fear hasins were completed within three months,
The firms processed the collected data (nearly 12,000
square miles of rerrain) to generate bare earth DEMs
{see Figures 2a, 2b, and 2¢). These have been com-
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pheted and accepted for the Lumiber basin and
will be delivered as soon as the MNorth
Caraling database comes online, probably in
early Februesry 2002, DEMs for the Cape Fear
basin continue o be processed.

On the ground

Throughout the airborme portion of the proj-
ect,, field survevors also used GPS in the hasins
to take cross-section measurements. The goal
wits to determine distances across the chan-
nel from bank to bank and down from the warer
surfnce to the river or stream bottoms,

Ar numerous bcations throughout each basin, these
crews mapped cross sections by taking GPS points
every lew feet beginning about 50 feet from the top
of the bank and proceeding over the bank and down
to the water’s edge. This was repeated on both sides
of the nver. In shallow areas, crews took boats onto
the river and used measuring poles to determine where
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FIGURE 2a and Zb
These DEMS reveal the
same reflective surfacs
of LIDAR data in
Columbas County
tefore (Za) and afler
(2h) vegetation data
were remaoved. Figure
Zc is the final bare
earth model of tha
county.
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FIGURE 3 After data
collection, the mapping
feam u=es a USGS
hrydrologic model fo

and display water-
surface elevations.

FIGURE & One of the
main objectives of the
project is to update
existing flood nsurance
rate maps and comvert
iham 1o DFIRMs for the
entire state. This must
be dane in accordance
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With input from DEMs, ground-based field datn, and predictive rainfall estimates, the
engingering firm can cabculate magnitude and direction of water fow in food events. The

uitimale goal of the project is o help the state avoid devastating losses such as those

the bottom lay ar points
across the channel. For
deeper parts near the river mouth, sonar equipment
was deploved in boats to capture water-depth
readings.

Community imvolvement alio played a kev role in
field data collection. The Division of Emergency
Alanagement conducied mulnple mrerviess with city
and town beaders acrods the state to learn where the
st flossd-prone areas are and which streams crest
the quickess. This insight was used to help focus field
MITVEVINE 1N reghons of greatest concern,

The freld crews delivered the final channel cross-
section data along with the LIDAR DEM files to the
hydraulsc engineers wo they can create a total picture
of the hydrology above and below the surface of the
watet Ficld work has been completed in the Lumber
River basin and is ongoing in the Cape Fear basin,
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sustained by the people of Princaville, North Caroling, during this Tar River flood.

Modeling hydrology

As prime comntractor, the second major aspect of the
Raleigh finmn’s responsihilivies afrer map dans collee
non i to develop hvdraube and hydrologic models,
The engineering analysis and modeling are being per-
farmed by the firm's staff along wath rwo nationally
recognioed water resource enpineering firms,

This porion of the project involves the use of the
USGS Regression Equanion hvdrologic model and the
HEC-RAS hydraulic engineering program (see Figure
), With inputs of the DEMs, the channel cross sec-
nons, and predictive rainfall estimates, these models
calculate the magnitude and direction of water Bow
dureng 50-, 100-, and 50{-vear Aood events,

By determening how high Aood waners will nse and
where the water will go, the models define the bouna-
arves of the foodplams under the three possible Aood
scenariod, The hirm's GIS mapping laborarory then
plots these boundanies on recently acquired digital
orthophotographs to create the DFIRM. Final deliv-
erables to Morth Carolina and FEMA include the
DFIRMs (see Figure 4), base flood elevation maps,
LIDAR DEMs, and the channel cross sectsons, Many
of these data sets have already been supplied to North
Carolina for quality checking, and final product deliv-
ery will oocur when the dotabase comes online.

Distributing maps via the Web
FEMA will print and distribute hard copies of the
DFIRMs as they have for decades. But a new era in
Aoodplam mapping will begin when Morth Carolina,
through its CGIA, publishes the DFIRMs, along with
other relevant map mformarion via the Internet,
This online resource, which has been named the
Floodplain Information Management Syvstem, s the
first of its kind. Ultimately, totalmg 9 TB, the dara-
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base wall include muktiple map lavers i addition m
the DFIRMs and anline GI5 functionalicy. The data-
base that will hold all of this informarion & now under
development with a completion date targeted for
February

“We've sent out a survey to all emergency man-
agement agencies across the state to learn what they
want trom the online system in terms of functional-
aty,  samd [im Johnson, CGLA aoing directoe, = We're
muaking sure we build the right svstem for our folks
o e

I'he online system will allow state and local offi-
cials, as well as members of the public, to lowg on and
examine flood insurance rate maps, They will have
the option of overla ving political boundaries, emer-
gency kacility maps, ranspartation routes, and other
GIS layers maintained by the stare.

“The printed DFIRMs will be used for insurance
purpaoses, while our online versions will be arilized
tor Hloodplain management and emergency relief
ettorts,” said Johmson, “In the future, we will add a
real-time flood wamning and forecasting system that
will show precssely which areas are in danger of flood-
ing during an even.”

Mapping for the future
“The public really needs this information, and the
quscker we pet it done, the more MHEY W can save, ™
said Geodetic Surveys Gary Thompson.

With that in mind, MNomh Carobing has set focth an
aggressive schedule, The $23-million first phase will
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continue through 2002 and cover six major river
hasing Ebeven more basins will be “uF'F""j in two sih-
sequent phases, which take the mapping progressively
farther inland toward the mountains,

The North Carolina project may be the firse, but
it ien't likely 1o be the last Aoodplain mapng prog-
ect conducted by an individual stare, Several others
have already petitioned FEMA for CTP status so they
can kick off their own MAPPHNG programs.

In the meantime, stare and federal officials across
the United States are warching Morh Caroling as i
sein new standards for floodplain mapping and mak-
ing flood information accessible to the public.

Manufacturers/partners

Greenhome & 0°Mara | www.g-and-o.com) is the prime
comtracior for the Hoodplain mapping project, and
J0i's EagleScan Diwvision of Boulder, Colorado
{wowss Mdille.com) s the subcontracror handling
LIDAR acquisition, Mekim & Creed Enginssrs (www,
mckimereed.com| and Hobbs, Upchurch & Associates
(www.hobbsupchurch.com) complered the field
surveys during LIDAR collection, PES&J (www,
pbsi.com) and ATCS {Dulles, Virginda) are performing
the hydraulic and hydrologic modeling. SAKG
LA SO | r'rll‘-'ldn HHTEA m‘hnnllrg‘:. S
port, and SMEE, Ing, [www.smeinc.com) is condact

ing geotechndcal cermficanons, @

Geovpatial Solutions veeney 2002

The sooner Norih Carolina
can complle and interpred
its floodplain data, the
sooner (e stale can bégin
implementing
managemend and
mitigation palicies simed
o invoiding the type of
devastation visfied on Duk
Island, Worth Carolina
when Floyd delivered its
hsricans force winds and
i Eidhéss.
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